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SUMMARY 31176 01425 8389

By John Boshar

Results are presented of a flight investigation conducted on
a fighter~type airplane to determine the factorse which affect the
loads and load distributions on the vertlcal taill surfaces in
maneuvers, An enalysis 1s made of the data obtained in steady
flight, rudder kicks, and fishtail mansuvers.

For the rudder kicks the significant loads were the "deflection
load" resulting from an abrupt control deflection, and the "dynamic
load" consisting of a load corresponding to the new static equilibrium
condition for the rudder deflected plus a load due to a transient
overshcot. The deflection load is proportional to the angular
acceleration which in turn is dependent upon the rate and amount
of control doflection and upon the diresctional response character—
istics of the airplane. The dynamic lcad had an angular acceleration
load superimposed on it as a result of the rudder being reversed at
the time of maximum sideslip. The critlcal loads on the rudder
were assoclated with the deflection load, and those on the fin,
with the dynamic load.

The minimum time to reach the maximum control deflection
attainable by the pilot in any flight condition was found to be
a constant.

Y

In the fishtail meneuvers, it was found that the pilot tends
to deflect the rudder in phase with the natural frequency of the
airplene. At the condition of resonance the load on the fin and
that on the rudder are approximately 90° out of phase. The maximum
loads measured in fishtalls were the same order of magnitude as
those from & rudder kick in which the rudder is returned to zero
at the time of maximum sldeslip.
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INTRODUCTION

The problem of svolving methods for deslgning the tail surfaces
of fighter-type airplenes for the dynamic effects which occur in
maneuvers has received much attention in rocent years. In the caso
of the horlzontal tail, metheds by which the lcads may be determined
for an arblirary type of elevator motion have been introduced
(references 1 and 2) and the type of control deflesction to be
assumed in design has been epeciried (reference 3).

In the case of the vertical tall, however, the current design
specifications consider only steady- state conditicons for loads
assocliated with a specified steady yaw or a specified rudder angle.
Indications have been that the losds on the verticel tall are more
critical in maneuvers then in steady-flight condltions. For instence,

. in reference k4, critical vertical-tail lodds in rolling pull-out
maneuvers woere shown to be related to the ratio of ailsron power
and the.static directional-stabllity derivative of the alrplans;
wherees, in reference 5.+the dynemic loads in ebrupt rudder kicks
or In fishtall mansuvers worse shown to reach high values. For
some time, therefore, there has. existed a need for a systematic
fl:ght investigaticn to evaluate ths factors which influence the

. vertical-tail loads.

The purpose of the present papsr is to present the results of
a flight investigation of the factors which affect the loade and
the load distributions on the verticel tall surfeces in rudder
kicks and fishtail maneuvers. 4n attempt has been made to isolate
the effects of power, of speed, of rate, amount, and dirsction of
control deflection, and of initial sideslin Emphasis hasg been
placed upon the presentation of the experimental results in the light
of theoreticel considerations.

SYMBOIS -
& rudder deflecuion angleo, degrées
ér ) naximum rate‘of rudder deflection dsgrees per second
8é elevator deflection angle degrees
8 gideslip angle, degrees
P pedal force, pounds -
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Ny normal force on vertical tail, pounds

N, normal force on rudder, pounds

N normal force on fin, pounds

Nvl Pirst load pesk on vertical tail, pounds

er first load peak on rudder, pounds

Nfl first load peak on fin, pounds

Nv2 gecond load peak on vertical tail, pounds

er second load pesk on rudder, pounds

Nf2 gsecond load peak on fin, pounds

Cx normal~force coefficient on vertical tsill ( >
v .

Cy normel-forece coefficient on rudder
T q_SV

/N
CNf normal-force coefficient on fin &—i—

With the foregoing symbols the prefix A represents an
increment; for mansuvers, it i.nd.1 cates the maximum increment measured
from the initial steady-flight value; for steady sideslip, it
represents an increment measured from the trim value for wings
level.

v airspeed, miles per hour

Vs equivalent airsgpeed, miles per hour

S¢ - total vertical tell area, square feet

X distance from center of gravity to rudder hinge line
(absolute value), feet

a dynamic pressure, pounds per square foot (%pwﬁ)

I, moment of inertia about Z-é.xié, -pcd,ur:u'l--focﬂ‘:j-.E;econcl2

T thrust coefficient (T / pVED2>
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T propalisy thrust

Qe torque coefficient <§/§V2D3>

Q propeller torgue

D propollsr diameter

b wing span, feet

S wing area, square feet

P presgure coefficlent . . ’ -

n! yawing moment, foct-pounds

o] megs density of air, slugs per cublc foot

Ch yawing-moment coefficient, tail-off “(N'/qu)

\ff maxlmenm yawing velocl ty, radians per second.

¥ angular atceleration in yew

wl first'maximum sngular acceleration in yaw, radlans per second?2

Wé second maximum anguler acceleration in yaw, radians
par . second® -

) maximun pitching velocity, radisns per second

éi Tirst maxiwum engular acceleration in pitch, radlans
per se_cond.g ) }

At © ‘time interval during which maneuver ig allcwed to continue
before rudder is returnsed to zero, Heconds

Lo ~- increment in angle of attack of veértical taill

an " rate-of change of - vawingﬂmoment coefficient with

dg sideslip angle (tail off) - - ‘

<?EH méééﬁfed rate of.chéngp of normal foféé_dbéffiéiené on
vertical tall with angle of sldeslip, including the

effect of rudder deflecﬁion
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\Ji

i%— ' - rate of change of sideslip with changs in rudder engle
d (frow steady sideslip wsasurements)

<§3L eastimated rate of cnange of 1lift coefficient with
contrel deflection for isolated vertical tail
(1.10 per radien)

ac
<é5§> estimated rate of change of 1lift coefficient wlth
v angle of attack for isolated vertical tail (1.43 per
radian)

%%{) estimated rudder effectiveness (0.7T)
-

DEFINITIONS

Deflection load: Meximunm increment in load due to adbrupt
control deflection at the start of meneuver (first losd peak).

Dynemic load: DMeximum increment in loed including load dus to
the static balance condition for rudder deflescted, load due to
transient overshoot, and loed dws to rudder reversal {second
loed poak).

U-type control manipulstion: Hypothetical control manipulation
in which both the initiazl kick and the return of rudder have the
same smount and rate of control deflection.

APPARATUS

Test sirplane.- The investigation wes conducted on & modified
Curtiss P-40K alrplene which is a low-wing fighter airplane wolghing
about 8200 pounds and equipped with a V-1710-F4R Allison engine
rated at 1000 horsepower at a pregsure altituds of 10,800 feet.
Figure 1 shows photographs of the test airplans and figure 2
prosents a three-view drewlng and a list of some pertinent gecmetric
characteristics.

The military equipment, radio, and fuselage gas tanks wers
removed to permit the installation of the recording instruments.
The alrplane was flown with a center-of-gravity location of
29.5 percent of the mean aserodynemic chord.
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Tail surfaces.- In order to improve the directlonal stabillty -
_ characteristics and to permit the pilot to fly more easily through

the apeed rangs with only one setting of the rudder-trim tab, a

a fin extension was added (see fig. 3}, and the fin offset was

changed from J,-:L left to 00 offset as suggested in refersnce 6.

The horizontel tail surfaces were unchanged with the exception
of the fairing added at the juncture of the fin and horizontal
tail to cover the pressire lines. The amount of protuberance of
this fairing is shown in the photographs of Ffigure kb,

Orifices were installed opposite each otker on the left and
right sides of the vertical teil alt the locations shown in figure 5

Flightipstruments. - Ingtfuﬁents installed to measure the
dirferential pressures, the control forces, control deflections,
and the motions of the airplane were as follows:

(1) Multicell manometers to measure the differentiel pressures
over the vertical teil surface at the pointe shown in figure 5

(2) An NACA airspeed rvecorder with the swivelling static head
located approximately one chord forward of the right wing tip
(See fig. 1(a).) - .

:(3) Control-force recorders which measured the forces exerted
by the pilot on the stick (aileron and elevator) and on the rudder S
pedals

(4) NACA electrical control-position recordsrs whioch nsasured
the olevator and ruddsr-control positions at pojnts on these controls
near the fuselage center line

(5) A sideslin-angle recorder mountved apprcximately one-half
chord above and one chord fcerward of the left wing tip (See
fig. 1(a).)

(S) Accelerameters which recorded A transverse anpd normel
acceleraticns at points 59 and 152 inches behind tbe center of } T
agravity -

(7) Twrnmeters which measured the angular velocities in yaw,
pitch, and roll

(& A +imer used to synchronize all records

)
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Prior to each test the pilot noted the manifold pressure, the
pressure altlitude, the alrspeed, and the cockpit settings of the
rudder, elevator, and ailsron trim babs.

TEST PROGRAM

The test program may be divided into three parts: (1) tests
conducted to obtain steady-flight data, (2) tests in which rudder
kicks were made, and (3) teets in which fishtail mansuvers were mede.

Steady-flight runs.~ Inasmuch as the vertical~tall loads on
an alrplane are related to its steady sideslip characteristics, a
number of steedy-flight runs were made at verious values of steady
aldeslip and speed, and at two power conditions. The data were
recorded after the pillot had trimmwd the airplane at the test
condition. Runs were obtained throwgh & speed rangs of 100 to
380 miles per hour with power on (power for level flight or rated
power when necessary) and 100 o 220 mileg per hour with power off.

Rudder kicks.- Rudder kicks {single abrupt rudder deflections)
are useful in the study of the directional stebility characteristics
of an airplane and for the investlgation of the effects of rate, amount,
and direction of control deflection on the verticel-tail loads.

A total of approximately 50 left and right rudder kicks weve
nade during which pressure distributlons wers measured. Of these
runs approximately 30 were kicks from the wings-level condition
and 20 were kicks ageinst an initial steady sideslip. The runs
were made at speeds cof approximately 100, 200, and 300 miles per hour
with power on and power off. The rudder kicks were performed at
medivm and fast rates from trimmed flight. In addition, TO rudder
kicks in which loeds were not measursd were found to bs useful in
the analysis. -

Fightail mensuvers.- Fishtail mansuvers (periocdic rudder
osclllations) were made with power off and power on at speeds
of 150 and 200 miles per hour during which the pilot atiempted to
maximize the loads on the vertical tail. Also, runs were meds
at 150 miles per howr during which the pilot applied an abrupt
rudder deflection againat the swing at the tinme of maximum yawing
velocity. A second pilot was asked to perform mild fishbtail
maneuvers at speeds of 200, 250, 300, and 350 miles per hour. TFor
this series the pilot was free to use as mich coordinstion as he
wlshed so that informetion would be obteined to evaluate the
maneuver under such conditions.
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METHODS

Prossure distribublons.- The records used in evaluating the
pressure distributions were read at tims valuss which would permit
en accurate time hisbtory to be represented. [he chordwise integrations
were perrormed in two parts so that the chordwise and spanwise
loada c¢ould be obtained separately for the fin and rudder. A
numerical rethod of obtawning the spanwise center of lnad on the
fin was usad

Qther records.- The angle of sideslip for the steady sideslip
resulte was corrected for the effect cf inflow as determined from
the results of a calibration flight in which similar sideslip-
engle recorders were installed on each wing tip. This correction
was not nmade for the 'wideslip zngle records in the time histories
gince only inoremental values were used in the apslysls and the
angle of inflow correction was nearly constent throughout the
maneuwver.

The only other corrections mede wore the compressibility )
correctlon to the alrspeed end tho correcticn to the rudder and
elevator angles for the amount of trim tab deilectlon reguired to
keep the winge in level trium. o

The rate of control defloction and anguler sccelerations
wore obtained by wechanically differentiating the control deflection
end the .angular-~velocity records, respectively.

Separation of loed components.- The mesthod of separation of
load components on the vertical tall was found to be accomplished
most conveniently by consldering ths loed to be made up of two
components: one necessary to balance the unetable wins-fuselege
yewing moment Iin sideslip and one dus te yawing acceleration, or

acn P I '

Howvever, some use was also made of the expression for the loed in
terms of effective angle of atltack at the teil; that is

/dCT\
AN, = m‘,&@@v aS, (2)
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where, approximately,

ey =0+ Y

The Form of equation (1) is particularly useful in the present
case because both ths paremeter d.Cn/rSB and. the factor /p

were deriveble from flight yesults az shown subscquently herein and
also.because the meximum loads could be defined when only the value
of maximum yawing acceleration V¥ and the maximum angle of sideslip
AR were Imown.

~

RESULTS AND DISCUSSICN ~ STRADY FLIGHT

Wings level.- The pertinent date obtained from tests wi‘ch
wings level are shown plotted in figures 6 and 7. Figure 5 shows
tho varlation with espsed of the amount of rvdder, elsvator, and
sldeslip angle required to maintain wings level for power on and
power off. TFigure 7 shows the variation of the normal-fcrce
coefficients over the {in, rudder , and total wvertical. tail, and
tne spanwise variation of centsr of load on the fin with sPeed
These curves are typical for a single-engine airplane. The
variations shown in figures 6 and 7 are caused by the effects
of propslier rotation in producing a twlsting slipstrsam and by
a direct asymmetric thrust dvue to the inclined propeller. With
power cfi the veriations are probably the result of a windmilling
propeller, particularly at spseds lower than 200 rlles ver hour,
where ths amount of blade adjustment possible ig insufficient to
maintain the rotation of the constant-spesd propeller. The spenwise
center of load on the fin moves oubtboard with decrsasing speed
but, from consideration of the loads, this movement with wings
level is not vez:,r significant because of the small bending moments
involved.

Steady sideslip.- Steady-sideslip date are presented in
table I and in figures 8 to 12. The data are shown as incremental
values measured Trom the condition with wings lsvel.

Figure 8 presents the changss in rudder deflection, rudder
pedal force, and slevator deflection required for changes in
gldeslip measured from the wings-lsvel trim velus. The increments
in pedal force are shown as pedal-force factors, which are obtained
by dividing the pedal force by the dynamic pressure so that the
data from all speeds may be combined. The chenge in elevatcr angle
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required with a change in sideslip results from & changs in ths
pitching mowent of the alrplans with sideslip. The varistion of
rudder angle with angle of sldeslip is ssen to be approximately
linear throughout the speed renge. Figure § presents the variaticn
of the normel-force coeflficient with sideslip for the rudder,
. fin, and total. verticel tall surface. The variations shown are
conaistent with the trends of figure 8. The rate of change of
normal-forcgccoeffioient on the vertical tail with anigle of
sideslip (;EE#) is used to define ths load required on the

v
vertical taill to balance the ungteble yawing moment cf the wing-
fuselage configuration. From this value the parameter aC,/df

may be obtained as
‘Efa_(‘}.’in) %y Sy
ag ig./y b S

Figure 10 pregents isometric views of the pressure distrlibution
over the vertical tail at various incremental values of sideslip
for power on at an alrspeed of 220 miles per hour. The spanwise
load digtributions on the fin and rudder corresponding to the
igsometric diagrams of figure 10 are shown in figurs 11.

Flgure 12 shows the varlation of 'spanwise center of load on
the fin with chenge in sideslip from the wings-level trim value at
alirspeeds of 100, 160, and 220 miles per hour. With changs in
gideslip from the wings-level condition, according to figure 12,
an inboard movemsnt of the spanwise center of load occurs which
is preobably a result of the dlsplacemsnt of the tell from tho region
of greatest fuselege boundary layer.

RESULTS AWD DISCUSSION - RUDDER KICKS

Time Historiles

Data pertaining to the rudder kicks are plotted in fipures 13
to 41, The data fur-all the rudder kicks are shown in tables II
and IIT. Before a detailed analysis of the lcads is made, 1t
would be of velus to note the general nature of the eirplane motion
and the sequence of events. For this purposs typlcal time histories
of the measuremsnts are shown in figures 13 to 18.
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Pigures 13 and 15 present the time historles of right and
left rudder kicks, respectively, mades at airspeeds of 100, 200,
and 300 miles per howr with power on. The normal load on the fin,
rudder, and total vertical tail surfaces assoclated with these
measurements are shown in figires 1l and 16. Time histories
for two rudder kicks applied against initial steady sideslips to
the left and right mades at airspeeds of 200 miles per hour
are shown in figure 17 and corresponding normal loads on the
vertical tail surfaces, in figure 18. '

From e study of the tiue histories the following sequence of
events and ltems of interest may be observed:

(1) Before the meneuver is started the airplane is in steady
trim flight as indicated by the constent initial values of the
variables. ) -

(2) After the epplication of an abrupt pedal force a lag of the
ordsr of a fraction of & second occurs befors the rudder begins Lo
respond because of flexibility in the contro; systemn. .

(3) The airplane yaws as soon as the ruiaer is deflected.

(4) The greatest rate of change of yawing velocity (the maximum
yewing acceleration) following the rudder deflection occurs before
the valus of sideslip has changed from the trim condition.

(5) The time intervel from the start of the maneuver to the
time the meximum yawing velocity is reached is, roughly, inversely
proportional to the airspeed.

The +time histories show that an sppreciable amount of pitching
is induced during the mansuver. ¥With right rudder deflection
the pitching ies nose-down and with loft rudder deflection it is
nose~up. The pitching is ceused primarily by two effects; namely,
the precessional moment which results from yawing the propellier
disgk and the changs in asirplans pltching moment with sideslip.
The precessional effect precedes the effect of sideslip by a phase
relation of approximately 90° since it depends upon the yawing
velocity rather.than the angle of yaw; also, the sign of the
precessional pitching moment depends upon the direction of yawing;
whereas the sign of the airplane pltching moment dus to sideslip is
negative regardless of sideslip direction, as is sghown by the variation
of elevator required with sideslip (fig. 8). The net effects are
additive for right rudder kicks and cancelling Tor left rudder kicks.
This result explains the phese difference hetween the yawing-
velocity curve and the pltching-velocity curve for left and right
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rudder kicks. The combined effects for right ruddsr kicks produce
a decremsnt in vertilcel scceleration as high es approximetely 1l.fg
at- the center of gravity, as is indicated by figure 1l3(c).

The time histories of the locads on the veriical tall surfaces
(Pigs. 1k, 16, and 18) exhibit the mame general characteristice as
the load variation on the horizontsl tail following an abrupt
elevator deflection. The first significant feature is the loed
peak due to the abrupt-deflection of the ruddexy. This first load-~
poak increment 1s termed the "deflection loed" herein. The second
feature indiceted by the load time histouries is the dbulld-up of
load in the opposite direction as the sirplane responds to the
unbalance created by tho contirol deflection. In seeking toc asgsume
a new static equilibrium position a transient "overshoot" occurs,
the magnitude of which is a function of the dynamlc lateral stabllity
of the airplane. The maximum balance load thus consists of a statlc-
balance trim valve and a itransient load. This second load pesk
increment is referred to as the "dynamic load."

The loed variation with timo on the rudder and fin shows that
the ruvdder carries most of the deflection load; whersas the fin
carries most of the dynamic load.

Tho deflection load end dynamic load will be discussed separately,
use being made of the breakdown of the load into the component
necesgsary to balance the unsteble yawing moment of the wing-ruselege
combination and that associated with the yawing eccelsration.

(See section entitled "METHODS .") A +ime history of the compcnent
of load due to each factor and a comparison of the coribined effects
with the meeagured verticel~tail loads is shown in Tigures 19 for
flight lla, run 1. As expocted, the agresment—is particularly good
since the parameter dCn/dp (as already shown) and the fector

I, /%y were determined with the aid of experimental results. The
details of determining I,/xy Will be given in the following seotion.

In the subsequent discussion the definitions illustreted in
figurs 20 may be helpful.

Deflectlion Loed

General relstions.- In the deflection load, as shown in figure 19,
the component of load necessary to balance the unsteble wing-fuselage
moments in slideslip is absent and the deflection load is defined by
the angular-accelersation component only; therefore, when the values
of the first yawing ecceleration & the moment of inertia of the
airplane Iy, and the tall length xv are known, the load may be
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determined by the relation

This relation is shown in figure 21 in -which the maximum yawing
acceleration wl is seen to be linesrly related to the experimsntelly
determined deflection load. This curve, then, 1s an experimental
determination of the factor Iy /Xy Tnasmich as figure 21 shows

that such a definlte relationship exists,it will be used in the
subsequent analysis to determine the deflection load from the
value of yawlng acceleration only. This relatlonship permits
determination of tall loads by use of .the rudder-kick data
presented in table ITT for which direct tall load measurements were
not availablse.

As an introduction to the factors which affect the magnitude
of the deflection load it is convenient to consider two extremes
of control manipulatlon, zero and infinite rates of rudder dsflection.
When the rate of rudder deflection is zero or very slow the airplane
willl adjust itself to a new static equilibrium position as each
infinitesimal increment of unbalance is Iirpreased end the deflecition
load will be zero regerdless of +the amount of control deflection
or the ailrplans stablility or mase characteristics. When the rate
of ruvdder deflection is infinite, however, because of the imertia
about the Z-axis, the 1lift is experienced before the sirplans can
respond. and the deflection load becomes approximately equal to
that on sn isolated tail with a velus corresponding to the amount
of control deoflection attained, that is,

AN -.<§g%> O3pq By

Vi

For actual cases, where the rate of deflection is belween zero and
infinity, the deflection load 'ls dependent upon the rate of .
deflection, amount.of deflection, and the response characteristics of
the airplanse.

For an sirplans of given characteristics the amount of control
deflection that cen be applied and the response cheracteristics of
the airplans are, in general, fixed so that it becomes convenient to
consider the rate of control deflection-as the prime determinsnt of
the deflection load. The deflection load thus involves a determination
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of (1) the maximum rate of control deflecticn the pilot employs and
(2) the load corresponding to this maximum rate.

Rate of control deflection.- From the many ruvdder kicks performed
in- this investigation some information was obtained which nertaeined
to the rate at which the controls were deflescted. It 1a to be
emphasized that thego are the rates that the pilot actually used,
which may or mey not be those of which he is physically capable.

Data pertaining to the maximum rate alb which the pilot deflecta
the rudder is shown in Pigures 22(a), 23(a), and 24{a) for kicks
made Trom ths wings-level condition and in figures 22(b)}, 23(b),
and 24(b) Ffor kicks against an initial sideslip.

In figure 22(a), the rates of control deflection are shown
plotted against alrapeed for all rudder kiclks made from the wings-
level cohdition and in figure 23{a) the rates ere plottod against
‘the meximum incrementel pedal force. The faired lines in figure 23(a)
define the envelope of the maximum rate of control deflection
attained. The maximum rate of deflection is noted tc decresse with
increase of pedal Torce, or amount of resistance to deflection.
Thig result is in agreement with the resulis of tests made on the
ground to determine the rates of elevator deflection used by =&
number of pllote {reference T). On the basis of the relation
indicated in figure 23(a), the envelope describing the maximmm
rate (fig. 22(a)) can bs explained by the amount of resistance
encountered. _For instance, the rete of control deflection is
groatest for the condition of power off and low spsed.

In figure 24({a) the ratioc of rate of control deflection and
amount of control deflection is plotted against speged for powsr on
and power off. This figure showe that the ratio 5r/65r approaches
an upper timit of 10; the reciprocal of this ratlo signifies that
the minimum time to reach the highest control deflection the pllot
can attain at each flight condition is a constant squal to 0.1 second.
The conclusion that the ratio 4AB,./0r is a constent may be deduced
from the fact that both the meximum emount of deflesctlon the pilot
can attain, A%,, and the maximum rate of deflection, ér: are
proportional to the sams factor (the pedal force). It should be
pointed out here that the rate of control deflection b5, used in
the ratio lg the meximum measured during each rudder kick (see
symbols) so that the minimum timo value is derived from values of
the ratio,which are themgelves minimums. ’

Similar date obteined from the rudder kicks against an initial
sldesliy are presented superimposed on the data obtained frowm kicks
made from the wings-level condition in figures 22(b), 23(b), and 24(b).
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It is shown in both figures 22(b) and 23(b) that the rates of
deflection ave higher than the maximums defined by the envelope for
the deata for rudder kicks from the wings-lsvel condition. This
result is obtained because the incremsnt in pedal fores is measured
from the initial sideslip value, which in this case 1s an untrimmed
valus, s0 that a resistance to deflsction is indlcated that is
higher than actually exists. Actually, the rudder tends to move
towerd the trim positlon of its own accord when the pilot releases
it to apply opposite rudder. Figure 24(b) shows that the time to
reach the maximum rudder deflectlion is the same constant value as
that obteined by rudder kicks from the wings-level condition. In
this case, the greater rates are evidently balanced by a greater
increment of control deflection.

Deflectlon load agsoclated with meximum rate of control.-
The meximum deflection load per unit rudder deflection 1s shown
plotted against dynamic pressure In figure 25 and is compared with
the velus computed from the geometric paremeters of the tall for
an Infinite rate of dsflection. The loads with power on avre
shown to be greater than the computed velues &t the lower speeds
due to the fact that for the computed velues the dynamic pressure
at the taill was assumed to be equal to the free-stream dynamic
pressure. At high speeds the actmel maxlimum load experienced is
almost 100 percent of thaet for an infinite rate of control
deflection for this aeirplans.

In figure 26(a) the theoretical effect of rate of rudder
movement on the deflection load is shown. The computations were
mede for the linear-type control deflection by the method indicated
in reference 5. The figure shows the deflection load in percent of

A
the load for an infinite rate of deflection E?E 0 plotbed
T

againat the time to reach maximum deflectlon QAE /8 }. For the

meximum rate of control deflection used by the pilot (a minimum
tims +to reach maximum deflection of 0.1 sec) the load at 100 miles
per hour is almost equal to that for an infinite rate of deflection.
AL higher speeds the rate becomes more critical in that the
alrplane responds more rapidly; however, even at & speed of

300 miles per hour the dsflisction load for a control deflection
completed in 0.1 second is approximately 95 percent of that for

an infinite rate. As previously mentioned, the valus of 0.1 second
is baged upon & linsar-type control deflection which has a constant
rate equal to the measured maximum rate. The assumed control
deflectlon compared with a typical flight control defleotion is
shown in figure 26(b).



16 ' "NACA TN No. 1354

Dynamic Loed

General relatlong.- In figure 19, time histories of the component
of loed on the tall associlated with the angular accelerablon and the
component due to sideslip are sghown for one run, bogether with a
comparison of the time histories of the summation of the components
and the measured vertical-teil load. In figure 27 the measured
dynamic loads are shown compared with the load computed from the
relsiion '

The date for rudder kicks against sideslip (fig. 27(b)) are
noted to have a slightly different slope from those of rudder
kicks from the wings-level condition (fig. 27(a)). The difference
is presumed to be a result of differsnces in the action of
gecondary effects such as damping in roll or linear accelsration.
The comparisons, however, indicate that for the test airplane the
equation &dequately represents the dynamic~losds data. Thus the
dynamic load following & rudder kick may be easily determined if
the maximum velue of sideslip AP and yawing acceleration 1&2
are available.

Some fvrther discussion is'needed-regarding the factors which
affect the angle of sideslip and the angular ascceleration atitsined.

Angle of sldeslip.~ For steady sideslips the amount of sideslip
attained by a glven rulder angle 1s pronortiornsl to the fector
d.B/d.ﬁr (fig. 8). In abrupt rudder kicks, however, for an airplans
with less than critical damping, & transitory angle of sgldeslip
which 18 greater than the final steady sideslip will occur.. For
the case of zero directional damping and an abrupt rudder deflsctlon,
this transitory angle of sideslip would amount to twice the steady-
state valus of gideslip for the same rudder_angle o1 Q(dB/dﬁr).

The test alrplane has low directionsl damping (as do most
conventional airplanes) so that an overshoot resulting in e
magnification factor of 1.5 to 2.0 over the steady-stabte value is
to be expected. An approximate value of this factor for the test
airplane may be obtained from figure 28(a) which shows a plot of the
ratlio of angle of gideslip reached Iin rudder kicks to the value
which would be reached in steady sideslips wilth the same rudder
angle. At speeds of 100 and 200 miles per hour the full
magnification factor is not reached hecause the rudder generelly is
reversed before the maneuver hes continued lbng enough for the
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potential sideslip angle to be realized. The early rudder reversal
relative to the time of maximum sideslip le shown in the time
histories of the rudder kicks made at low speed (see fig. 13) and
the computed effect of various times of rudder reversal on the
sideslip reached is shown in flgure 28{(b). At 300 miles per hour
the rudder, in general, was held long enough for the full sideslip
t0 be realized mo that the magnification factor of approximately 1.5
obtained at this speed is believed tc be neer the true valus for the
test airplans.

Angunlar accelsration.~ The maximum anguler acceleration WV is
made up of the superposition of a component that is proportioc to
the smount of wvershoot and a component resulting from the reversal
of the rudder. The component dus to the amount of overshoot depends
upon the amount of demping, being zerc for the case of critical
damping and equal to the deflection angular acceleration 1111 for
zoro damping.  The component of anguler acceleration dus to rudder
reversal is dependent upon the rate and amount of control deflection
in the same manmer as is the deflectlon angular acceleration.

If the reversal deflection has the same rate and amount as the
initial deflection (U~-type rudder menipulation) the reversal
component would exactly equal the deflection angular acueleration ﬂrl .

The two parts making up the yawing acceleration " are
indicated in figure 29 in which the time histories of tﬁe load
asgociated with the yawling acceleration only are shown for two
rudder kicks in which the rudder wes returned to zero after different
time intervals. The time history for run 5 indicates the maximum
angular acceleration without the reversel whoreas in run & the
rudder was reversed at the time of maximum sideslip so that the
meximum yawing acceleration includes the effect of rudder reversal.
From this figure it is evident thet the rudder kick in which the
maneuver was stopped earlier results in higher loads-because of the
supsrpogition of the two ya.wing-a.ccelera’cion components near the
time of their ma.xinnm valusa.

In order to indicate the likelihood with which the angular -
accelerations superimpose et their maximum vaelues, the ratio of the
second peek enguler acceleration to the first peak Y A/, i1s

shown plotted againet speed in figure 30(a). In general, an epproach
of the reatio to a factor of 2 would indicate that the angular
acceleratlon components superimposed at their peaks; withoubt the
revergal component the ratic would be less than 1.0 since the over-
shoot component of V¥ alone will slways be lesa then the deflectlion
value. BSitrictly speaking this value 1s obtalned only for a U-type
control manipulstion end, as indicated by some high valuss of the
ratio (as high as 2.45), the rudder was returned past the trim
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[
o

pogition in some cases. The time histories (figa. 13 and 13)
indicete. however, that-although the rudder reversal was made at
retes and amounts sometimes grester and sometimes less than the
Jndtial rud.d.er kiclc, the U~type m&nipulation represents an average

t;y'pe

The computed effect of the time intervel Auring which the rudd.er
is held upon the mamner of superpoai‘bion of the angular acceleration

component.s is shown in figure 30(b).

he d.a,ta of figure 30(a) show that at 300 mliles per hour the
average of the components of apgular acceleration due -to overshoot
and. rudder reversel supsrimpose neair their maximwm valuves and
also that the U-type rudder manipulation is not an wnduly conservaltive
one as is somstimes felt *Lr' the specification oi’ control motions.

-_Eetima'be of maximum values for dynsmlc load from flight data.-
An approximate formula for the estimation of the order of magnitude
of the dynamic load would assist in assessing the relative significance
of the factors invelved. For this purpose the oxpreogsion for the
load on the vertical tall in terms of an eI'zective angle of a‘btack
is moat convenient; that is.

' dCL :
an, =t gF) @y
T |
dot

This expression is adequate when maxirum values are considered inasumuch
ag the angular velocity 1s zero at the time of ma.ximum B; also the
gidewash factor mey be assuwmed t6 be zero.

Sy
v .v

The angle of sldeslip abtained in a rudder kick may be written as

- o
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where d4f/dB, is the measured slope as obtained from steady
pideslips and k 18 & megnification factor which as noted previously
would range from a value of 1 for a critically dawmped airplens to

a value of 2 for zero damping. Thus,

oo 4 r aCy;
ANVTQ k_ dﬁr (@:)v Erqu 4 <d'8r X ﬁrq_Sv

For the critical case of a rudder reversal at the time of '-
dC
maximum dynemic load the term -Q-ID 8,qSy 1s added to the
. v

oxprogsion. If the reversal 1s assumed to be made at an infinite
rate and to be equal to the initiel deflection, the load becowes

For the test airplene d8/dd, is approximately equal to 1.5
(fig. 8) end as an upper-limit value, k = 2.0. The comparison of
the measured load with the load computed from the approximate
formule 1s shown by the line in flgure 31.

Loed Distribution

In order to furnish a gensral plcture of the distribution of
load during a rudder kick, isomstric views of the pressure distribution
over the vertical +tail during right and left rudder kicks are shown
in figure 32. Ths figure shows the distributlons on the vertical
tall for steady flight, the time of maximum deflection load, an
intermediate point in the maneuver, and the tims of maximum dynamlc
load. It can be seen from this figure and the time histories (figs. l’-l-,
16, and 18) that the rudder carries most of the deflection load and
that the fin cerries most of the dynamic load. As regerds the
chordwise distribution of load, all types of dlstributions appear
to occcur during the rudder kick. The deflection load represents
the zero-yaw full-rudder load; the intermediate point during the
mansuver is the balance~type load, and the maximum dynamic load is
& high angle-of -attack type of load, with high leading-edge pressures .

Distribution of loed between rudder and fin.- Further information
on the distribution of the load betwsen the rudder and fin is given
in figures 33 and 34. A comparison of the magnitude of the deflection
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load on the rudder with that on the total vertical tail is shown

in figure 33(a) for rudder kicks from the wings-level condition

and in figure 33(b) for rudder kicks against initial sideslip. As
_shown by the time histories of figures 14 and 16 the naximum
dsflection load on the ruwdder occurs after the maximum on the

total vertical tail so that the load values plotted in figure 33 de
not necesgsarily cccur at the sawe tinms. From figure 33, the load

on the rudder is found to be epproximately equal to the total
deflection load. For the high loads which were attained at 300 miles
per hour the rudder deflection load is actually greater than that

on the total vertlcal taill. This condition resulis from a combination
of the lower rate of control deflasction with the more rapid

alrplane response, with the conssquence that the alrplane sterts to
yew before the rudder has completed 1ts travel. The yawing velocity
imposes & load on the £in thet is opposite to the rudder load and
regults in a lower net load on the tail. This effect is i1llustrated
in figure 32 by the higher pressures on the rudder at an intermediate
point during the maneuver rather than at the tires of mwaximum
verticsl-tail deflsotion load.

A compearison of the dynamic load carried by the fin with
that carried by the total vertical tail is shown in figure 34(a)
for rudder kicks from the wings-lovel condition end in figure 3u4(b)
for rudder kicks against stesdy sideslip. The fin 1s shown %o
carry approximately 90 percent of +the dynamic load in rudder kicks
from the wings-level condition and sbout 100 percent—of +the dynamic
load in kicke against sideslip. When the fin carrles a loed greater
than 100 percent, the total locad includes a rudder load in &
direction opposite to that on the ¢in -

Spanwise and chordwise load distribution.- The spanwise-load
distributions on the fin &t tho time of meximum fin load and on
the rudder at the time of maxiimm rudder losd are presented in
figure 35 for power on and figure 37 for power off for the most
sovere rudder kicks made in each direction and at each test speed.
The symbols in these Tlgures are used to distinguish chordwlse-load
points of two runs having approximately the same wvalus of load.
The chordwise pressure distributions over rid V (fig. 5) obtained
et times corresponding to the times for which the spvanwise load
digtributions are shown are prosented in figures 36 and 38.

Figure 39 shows that the spanwise center of load on the fin
veries slightly depending upon the direction of kick as well as
uponn the airspesed. On an average, the spanwise center of load is
10 percent farther outboard than the alr-loasd distribution for
which the surfaces were designed.
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The chordwise-load distributions in figures 36 and 38 show that
(oxcept at an airspeed of 100 mph) the mexirmm fin load is,in general,
sggociated with a small value of load on the rudder, whereas ths
maximum rudder load occurs during en intermediste point in ‘the
maneuver when the fin has some loasd dus to yawing.

Load Diagrams:

The construction of loed diagraus for the vertical tail
surfaces may be wade by the use of the foregoing resulis. For
instance, the deflection loed was shown 1o he critical for the
ruvdder. At high speeds the total deflection load was less than
the loed for an infinite rate of control deflection (see fig. 25)
but the load on the rudder was greater than 100 percent of the
deflsction load and it is therefore reasonable to assume that the
critical ridder load mey be equal to the totel deflection load at
an infinite rate of control dsflection. Thus,

AN A@T(aCL S
o = o) oo

In figure L40{a) the lcad computed by this equation is shown to
compare well with the maxlmum values of measured rudder loads.

The dynamic load was found to be critical for the fin. The
load on the fin may be expressed es scme fraction K of the
dynesmic load. The factor K mey be determined from the geometric
characteristics of the tall for the assumption of a hypothetical
control motion in which the rudder is reburnsd to zerc at the time
of meximum sideslip; thet is .

A

K Ay,

[ a8r<:mmj) Or 9By J

For the test airplanse the factor . K for this condition was
shown to be 90 percent in rudder kicks from the wings-level
condition (fig. 34(a)).

2

It
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In figure 40 this relation is shown on the besis of the load -
per_degree ruddexr deflection against dynamic pressuvre, along with
experimental valuss. In the calculations the magnification factor k

was asswuwed to be 2.0 and 4. = 1.5,
ab,,

The load diagram in figure 4l was constructed from the
preceeding formulas. The dashed lines show computed loads for two
pedal forces and the points represent the largest experimental
values cobtained at equivalent airgpeeds of 200 and 300 miles' per
hour.

RESULTS AND DISCUSSION - FISHTATL MANEUVERS

Vertical-tail failuresg have occurred on military airplanes
during evaslve action or fishtall maneuvers. Same concern has
therefors been expressged sbout including the fishtail maneouver as
a critical design condition because the weight penalty f'or adeguate
strength was considered prohibitive. In addition, there was for
a time an irpression among some designers that the vertical teil
could fail on any airplane if the rudder were deflected in a sinusoidal
mannsr at the natural frequency of the airplane. A specification
ag to how far the maneuver was to be cantinued comsequently seemed
to be in order. For this purpose, an analagous sgystem which is
familisr In simple dynamics may be used to furnish useful information
concerning the filshtail naneuvers. .

Considerations from Simple Dynemdics

As wag polnted out in reference 5, the fishtail maneuver cen
be assumed to be & flat yawing mansuver so that the solution to
this problem might be equivalent to that for a linear single-
gpring system. A bprief review of well-known results of the spring
system from simple dynamics will therefors furnish a useful back-
ground.. The curves shown in figure U2 (taken from reference 8)
epply to the cage of an oxternal sinusoidal force acting upon the
gpring system. )

Pigure 42(a) shows the amplitude megnification factor plotted
againet the ratio of the frequency of the lupressed force o the
natural frequsncy of the system for systems having different ratios .
of damping to critical damping. Ix figure 42(b) the phase relation
between the impressed force and the amplitude is presembted for the
same conditions. In terms of whkatl heppens 1x the fishtail mansuvers
the following observations may be made from this figure.
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(1) For en airplane with some demping the sideslip (or amplitude )
magnification will resch a finite egquilibrium value even for the
cese of a yudder oscillation having the same frequency as the alrplene.
The amount of magnification is dependent upon the ratio of the
damping to the critical damping and, of course, uwpon the frequency
at which the rvdder is deflected relative to the natural frequency
of the alrplane.

(2) The rudder angle (or forcing function) is cut of phase with
the angle of sideslip (or amplitude) by en amomt depending upon
the amount of relative damping. At resonance, however, the phase
relation is always 90°. For resonance, therefore, for a perfect
fishtail, the rudder angle will be zero at the tims of maximum
sldeslip and maximum et the point of zero sldeslip.

It should be noted at thls point that these curves cowld have
been derived in terms of loads in which case the magnifications of
figure 42({a) would then be expresssd in terms of loed megnification.
Fox the case whers the lmpressed froquency ls the same as the
airplene freguency, ln which case the rudder deflectlon would be
zero at the time of maximum sideslip (#ig. 4z(b)) the expression
for the loed in a fishtall mansuver would become

- oD o

Anslysils of Tegts

The results obtalned during the fightall investigstion are
given in table IV. The Tlrst eight of these fishtalls were slightly -
artificial sincs the pllot dslliberately trled to obtain high tall
loads, whereas the last four were mede in as natural and comfortable
a meanner as possible.

The flrst set of mansuvers was intended to show how criticel
the maneuver could bve if the pllot deliberately tried to work the
rudder conbrol at the same frequency as the alirplans frequency in
order to reach high angles of yaw. The time histories of these
manouvers are presented in figures U3 and 44 for the power-on and
power-off meneuvers made at 150 and 200 miles per howr, respectively.
In Tigure 45 are presecnted power-on and nower-off fishtall menevvers
in which the pllot kicked the ruwider againat the swing at the point
of maximum yawing velocity. All of these maneuvers (figs. 43 to 45)
were very uncomfortable to the pilot because of the severe pitching
which resulted.
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The second set of tests consisted of the Tfishtail mansuvers
in which a different pilot performed o mild fishtail maneuver in
ag comfortable & manner as possible. Thess maneuvers are prescnted
in figures 46 and 47 at speeds of 200 and 250 miles per hour
and 300 and 350 miles per hour, reepectively.

A gtudy of the time higtorieg of the £ishtail nansuvers yields
the following:

(1) The maneuvers in which the pilot was free to coordinate
the controls show that the pltching was very mch less, with the
result that the maneuver was not particularly uncomfortable.

(2) Vithin only ofie cycle of rudder motion the loads stiain
values cloase to the meximum measured during the whols mansuver.

(3) As the meneuver continues, the load on the rudder tends to
bear the 90° phass relation with the load on the fin. This rosult
is expecied from Tigure 42(b) for the condition of rescnance.

(4) The asbruot rudder deflection applied against the meximum
velocity of swing resulte in high rudder loads (fig. 45). If the
rudder is moved against the alrplune swing, the phase relation of
the rudder end fin loads 1e disturbed so that the loads becoms
additive.

Froquancy of rudder operation with relation to frequency of-.
airplane.- One of the points of Interest in the [leitail tests. was
to note whother, as might be expected, the.pilot tends Lo move the
rudder in phase with the ailrplans freguency. In order to obtain
the average rudder frequency for each maneuver, the actual control
maenipulation was arbitrarily approximated by o sine function. The
rudder control deflections for all 12 runé arc shown in figure M8
in nondiméensional form; the actual control deflectlon was dlvided
by the amplitude of the sine curve used in the approximetlon of the
motlon. Tho agsumed sine curves are 2lgo shown. The natural
frequency, fp, of the airplane was comphted from the expression

1K
"e”nl/"‘z.'nl-

where Ky &and K, are determined from the aerodynemic characteristics
of the airplane and nAre defined by equation (3) of reference 5.
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Inasmuch as the period, l/fn, is a more usuwal way of plotting
the airplane responss, the date are shown plotted in thet uenner in
figure 49. TFrom this figure it is seen that the fishtail meneuvers
made by the pilot when his actions were unrestricted (symbols with
tails) were as close to the airplane period as those mansuvers in
wvhich he attempted to work the controls at the same period as the
airplens. Although the control deflections are irregular, the
results indicate that the pllot does tend to work the controls in
.phage with the alrplere frequency in performing & fishtail.

Comparisons between msasured and estimeted load.- A comparison
of the measured losds with those computed on the basis of the theory
- of flat yawing (reference 5) is presented in Figure 50, which shows
the maximum teil load measured per degree of ruddsy deflection during
each run. Mean amplitudss of rudder deflection were used to obtain
the experimental velues of load per degree. Also included in
figure 50 is a line corrssponding to the load per degrse for a
control motion in which the rudder was assumed to be retuwrnzd to
trim at the times of maximum sideslip. Figure 50 shows that the loads
measured during the fishtalls did not reach the computed resonant
velue but were more nearly equal to the values glven by the equation
representing the hypothetical U-type control motion.

Loed. Distributlons

The fishtall maneuvers, as indicated by simple dynamics, yleld
an angle-of ~attack load with rudder at zero deflection plus a
zaro-yaw full-rudder load according to the phase relations indlcated
by figure 42(b). '

Figvre 51 pressnts the sparnwise load distributions over the
rudder and fin at various times during the powsr-on fishtail
maneuvers of figures 43, L4, and 45. The spanwise snd chordwise
load distributions and chordwlse load distribubtions over xridb V .
during the fishtalls of figures 46 and 47 are presented in figures 52
and 53, respectively. Figure 54(a) presents the center of loed
on the fin at the times of maxirmm loeds on the fin during the
fishbtail. A4lso, for illustrative purposes, tims histories of the

. center-of~load variation during the fishtalls of figures 46 and 47
are presented in 5L(b).

CONCLUSIONS

The conclusians are grouped undsr the gensral subject heading
from which ‘they were derived. ' :
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First loed peak following a rudder kick (deflection Joad) .-

1. The deflection losd can be determined with sufficient
accuracy by the product of —the moment of inertia and the first
" meximum yewing acceleration divided by the btall length.

2. The minimum time used by the pillot to attain the maximum
rudder deflection at each flight condition anppaers to be a constant.

3. The deflechbion load on the vertlosel tail of the test
alrplane resohes values close to those for an infinite rate of
control deflection. S

Second load peak fallowing e rudder Jiglk (dymamic loed).-

1. The dynemic load can be deteruined with sufficient sccuracy
by the sun of the component of load necessary to balance the unstable
yawing moment of the wing-fusdelage combination in sideslip and the
component of load due to anguler acceleration in yaw.

2. After the initial rudder kick the return of the rudder
to trim was, In generel, made at the time of madinum sideslip so
that the load due to abrupt reversal of the rudder was super-
imposed at the time of maxi:mm overshoot load.

3. A rational approxilwmate formwle based upon & U-type control
deflection matisfactorilly expresses the upper limit value of
the meeasured dynamlc loads for this airvlane. This formle is in .
torms of the sideslip-rudder ratio from steady flight results end
a magnification factor which considers the amount of directicnal
darmping in the airplane.

Load dlstributions.-

1. The critical loeds on the rudder aré agsociated with the
deflection load. The deflsction load on the rudder is spproximately
equal to the total deflection load on the tail.

2. The critical loads on the fin are associated with the
dynamic load on the teil. The upper limit of the moasured dynamic
loads on the fin is patisfactorily expreseed os the frection of
the total dynamic load which would be carried for the rudder at zero.

3. At the time of meximua fin loed the spanwise center of
load on the fin is 10 percent farther outboard than the deasign
alrload distribublon. ) '
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Fisghtall meneuvers.-

) 1. The meximum loads messured during the fishtail mansuvers
were no greater than those which would result from a hypothetical
U-type rudder kick in which the rudder 1s returned to zexro at the
time of meximum sideslip.

2. As might be expected the pilot tends to work the rudder
in phase with the natural frequency of the airplane.

3. At resonance the rudder angle and sideslip angle are 90°
out of phase so that at meximum sideslip the rudder deflection is
zexro and the load is proportional to the sideslip angle.

4. An abrupt stopping action in which the rudder is kicked
agalnst the swing results in high rudder loeds, If the control is
worked against the eilrplane swing, the phase relation between the
rudder and fin loads ls distuwrbed so that the loads becoms additive.

Langlsy Memorial Asronaubticel Laboratory
National Advisory Cormittee for Aeronautlcs
Langley Fleld, Va., April 9, 1947
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19 | 218.0 3.65 .030 +00% 2,01 | =32 |-267 82 | -185 } —095 «029 | —.066
£20 | 218.5 5.35 .030 +00% «3h —.82 | =377 %3 | —23h | ~.213% . —.083
T9 | 277.5 | ~2.05 022 .004 -60 | =17 | 173 | ~39 | k0 2038 | = 031
80 | 275.5 | ~3.50 .023 008 | 1,05 | —1T | 267 [ ~18 | 197 060 (.= 01T | Obk
81 | 215.5 | ~k4.35 .023 008 | =1,05 | ~k7 | 331 ] -1k | 225 OTh | =025 050
& | e77.0 1.15 .023 .00k 55 .03 | =100 gg 53 | ~.022 .009 | —.012
83 | 277.5 2,80 022 .00% -] —07 -esg =151 | ~-.053 2,018 | -.033
8y | 276.5 3.20 »023 »004 2,20 | =27 | 122 | -212 | ~076 . -~ 04T
86 | 339.5 | ~1.00 012 .002 03 | =02 | 150 | ~3k | 213 022 | - 07
87 | 33k.5 ~1.65 .013 .003 =17 | =22 209 61 48 032 | —.009 023
88 | 1337. ~2.10 .013 .003 ~17 | =22 | 252 | 68 | 185 .038 | -.010 028
8 | 337.0 »50 <013 .003 Sk | =02 k6 | =207 | —-.023 00T | =.016
90 33505 00! 7"‘ —176 "5038 .OJJ. “-027
o1 | 33k.% o | 221 | -.048 . -,03%
93 | 379.5 49 16 01k — 009
o4 | 378.0 ~59 106 020 | =007 ~013
95 | 372.5 36 | =138 | =021 . -.016
96 | 3Th.0 e |75 | -7 2005 | —,021
36 | 100.0 :ég 109 201 | ~.022 .186
37 { 10%.0 12k o239 |~ 297
38 | 105.0 62 125 «290 - 095 «192
ko | 105.0 26 | =T3 | =147 . -, 112
k1 | 105.0 39 | 12k | —.2h5 . -.190
k2 | 108.0 5h | <106 | —.253 079 | =297
4% | 158.5 -39 Ts | 093 | —026) .050
ks | 1859.% ~101 167 196 | ~.068 112
16 | 161.0 128 a7 241 | ~.084 JLi2
48 | 16k.0 5L | ~109 | = .032 | —=,068
k9 | 161.0 68 | -184 | =151 Oh5 | - 121
50 | 161.0 112 | @48 | —202 . —.163
S2 | 218.0 49 118 2062 | =017 042
83 | 218.0 52 169 095 | ~,033 060
sy | 218.5 ~163 192 125 - +068
56 | 218.5 62 | 113 | —.060 022 | ~.0%0
57 | 218.0 96 | —ash | —.087 O34 | —.055
8 | 218.5 138 | 212 | =122 R —0T5
60 | 219.5 48 86 | 049 | -.017| .030
61 | 219.0 -93 160 «092 —+033 <056
62 | 218.5 -35 | 193 2122 | -, 069
6 | 219.5 37 — 040 $013 | —029
65 | 219.5 73 | =128 | —.069 » =045
66 | 216.5 108 | —1hk3 | —.090- «039 | —.0%52
67 | 1%9.5 -2 -4 <015 =001 | —=,003
€8 | 159.5 5| —12 | ,005 «003 | ~.008
69 | 159.5 1| <k | 07| —00L| —.009
70 | 1595 -9 13 027 - -~ 009

arnitisl steedy flight value (increment from wings lavel).
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8Tnitisl steady flight value (increwsnt from wings lowl),
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é & a8 ¥ ARp, | ANpy | AN ANy, | AN Ay, At

UG | B0 | (r0nfuec) |(ratfoec?) | (tg) | (ratjeec) | (3 | (85 | 163 | (03 | (1) | (@) | (seo)

b 0.082 0.185 8.56 | meemsmace- 30.0( 115 | 112 0.90

6 =179 -.2h0 -%.97 -0.345 -51.0 | <150 | -196 130 138 229 .8

6 T | meme——— =257 | emememm [ mememcnee -i3.0| -70 | -123 T2 3 75 -95

9 .ols 056 | cmemer | cememeeeee 64,01 155 216 -322 -216 -53% 1.10

2 -.20 -.238 “9.9% -.456 =55.0 | -187 | -193 k59 53 613 1.55

8 { B 051% ks 5.52 204 15.01 15 | 138 | -498 6 | k28 | 2.10

8a I -.36k -.312 -19.33 -.8711 -35.0 | =418 | -~k35 &0 60 8% .70
1 975 155 13.53 725 10.0( 373 ( 305 [ -830 | -188 | -963

2 .;.gz T e 136 kool 350 | 332 | -198 | -269 | =955 &

3 -. 295 | —wee-= -.659 -20.0 | -18 | -230 733 188 79 1.00

1 -.228 -.292 -8.8% -J..% -80.0 | =460 | %00 1115 155 1k58 .8

1la 2 -.228 -.306 -9.1% -1.0 124.0 | =504 | ~%50 1297 T2 1k00 S5

3 05T et 6.90 87T 10.0{ 368 | 370 [ ~-1135 -83 { -11.85 55

ik 057 155 §.50 798 <15.0 332 | 250 | =115 =80 | -1067 .70

1 -.020 -.009 691 [ semmemcee w | =30.0| 68 | =G5 [ ==ee- [ ==mes | wove- >2.90

¥ 2 031 .03k 539 | w=mommem-- 17.0 :g 95 | ===~= it it >3.00

b 3 -.010 -.018 8,29 | ~==memven- -24.5 30T | ===== | =memm | o= 2.8

b 031 046 6.63 | ~=mememrm 36,57 85 | 117 | =emee | m=me- m———- 2.h0

2 .092 .110 “6.91 | vmmmmemm——am 61.0| 184 | 239 | ~em=m | cceem ce——- [ H2.00

3 o -.012 =11.60 | ==ce~eme-- 30,0 =131 | =153 [ ere== | —eeas [ cova- »1.20

2 k .056 .109 1259 | =mmmememe- 27.0| 180 | 199 | ~e=wm | ==w-m e | »1.30

5 | memeam- - 017 =8.0L | =m=evmmeae =46.0 | =154 | -189 1.30

2 -.21% ~.201 10,78 | =—covcenaa -53.0 | =398 | -kis T92 ~50 0.85

™ i «096 .283 15.7h | w=memme--- 90.0| 3% ko5 =150 -58 -833 1.00

-.1682 173 =10.50 [ w=esmmo—ce= =2%.0{ =351 | ~305 669 =135 sk0 | >1.20

5 075 1o 12.70 | ===memene- 32.0] 263 308 =708 =101 =80T .50

6 171 -.220 -9.11 -1.170 -15.0 | ~168 | -k85 1405 173 1539 .95

T =114 -.199 -8.29 -.918 27.0{ =305 | 265 1083 217 1150 .80

1a -8 .057 ATT 7.60 .813 30.0] 318 | 300 975 -59 | -1077 .80

9 05T .132 6.k9 .8u8 -10.0{ 28 190 | -1070 -8 | -1111 45

ol { 5 .22% -.297 -27.98 -.728 -142.0| 258 | 420 | 1148 112 | 1220 1.20

6 -.053 %56 20.%8 740 5.0 125 o5 =915 -55 -975 1.00

1 .120 167 3.4 566 18.0( 271 | 220 -81% =34 -835 1.10

2 .37 .218 12.60 589 65.0| 2% 315 =72 -59 ~780 1.20

12a 3 -.200 292 -1k.8% -.6%2 -49.0 ] -346 | 370 -8 5 .50

k -17T - -18.20 -.669 ~77.0 | =385 | -ksp 843 31 898 95

' { 1 143 220 .70 .58 13.0| 220 | 345 | -872 <%0 | -8%0 .70

B 2 | meeee- -.215 ———— -.730 -115.0| -510 | 608 | 1020 %5 919 55

ok 1 ~-.085 .263 -9.56 ~.930 ~20.0 | -475 | 455 1255 -20 | 1235 .35

2 085 .29% 9.56 .T20 50.0| =97 | 6% | -118 1% ~990 .50

ok 7 92 .297 -29.76 - «85.0} =460 | -5ko 1095 25 1050 1.k

8 =043 .353 29.76 678 135.0} =28 630 -960 33 1.20

5 .103 ~.406 16.80 621 27.0| 286 | 263 -808 -30 .60

12 6 a1k ~.363 1%5.68 550 102.0§ 383 &7 =761 -1k =775 .65

a 7 -.057 ~.699 -14.56 -, 863 -50.0 | =303 | =300 &2 139 1010 .60

8 -.057 -,046 =12.60 -.643 -57.0) =301 | -358 750 115 847 .65

: 3 125 .261 20.72 651 103.0} 393 500 | -1012 50 =920 .70

B B | comecnne -.215 -16.8 -8k <100.0} =365 | =300 990 -5 975 1.05

3 -.073 =303 -9.56 -T13 -65.0| -k55 | -395 1215 +130 1085 | >3.20

2k { b .oh3 -5 9.56 .693 77.0| 850 | k22 | -1163 155 | -1018 | >2.70
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TABLE IIX . -

FUIMER XICKB (IX WHEICH KO IOADS WERK MERSURED)

Ve vitude| AFy! AB, ¥ ¥ é § A8 ¥, At
t P (deg)| T, z 2 [

Fligh (mph )| £ O %:? ° % (%) (1b) | (asg) e':g) red/sec?) | (rad/sac)] (ras/msc) Hrad/sec®)|(2eg) [krd/uec?) Kzeo)
1{102| on | 0 |[0.117|0.007| 10,000 ~§.50| =3k.16] 0.172 0.111 “0.138 -o.1§E >1.b0
21100 on {0 J122f .007| 10,000 | 86 Bﬁ TO-9% -.3k) - ogj 08T 51 B0

6 3/100| om0 Ja128f .007| 10,000 | -29| -4.88| -18.2y  .133 089 ~.153 -39 »1.80
g 00| On |0 a22| .007| 20,000 | -97| 11.06| 113.59] =.373 =300 2102 204 1.10
200 on |0 J122] .00T| 10,000 [~===| T.15| 325.3% -.2%4 -.166 <OkL 06, 2230
1{ 100 {Rated| O 480l 029} 10,000 =159 -8.37 ~19.igl 311 18; ~ 268 -7 1.0
€a |d2]200 |Bated| 0 &8o| .029| 10,000 | -17h [-10.30{=206.! 276 AT -2kl =827 1.20
3] 100 |Rated| 0 &80[ 029} 10,000 | 153| 10.95! 51.28] ~-.LoB -ng 202 150 Bo
k| 100 | Ratea] 0 8ol .029| 10,000 | £39] 17,73| 1B.07] -5k | -. 107 203 80
1] 200 |Rated| O 0%| %007} 6,000 [-157) 3.87| -33.38 299 20k 21k - 1.90
3| 200 [Rated] O 060 07| 6,000 | 22| 2.90] 10.70 ~-. -1%3 JLO32 «109 z.g
8 5 | 200 |Rated| O 60 007 6,000 [~80| -8.53 :g 3 .g;a‘; <330 -.321 -:egs b
6| 200 |Rated| O ©060] .007] 6,000 | 0BT |~13.01 .82 478 ~ K7L ~483 1.%0
'sr 200 [Rated | O ©060| .007| 6,000 22 7.08] e3.91 -.h20 -.% Ok 180 B
200 [Rated| 0 060| 00T} 6,000 | 2 T-41) 53.9% =501 - Ok Q236
1| 200 {Rated| O 060 o007} 6,000 | 282] T.73| 35.1R| ~memeecee =330 6k 256 80
8a |¢2|200 |Rated| O 060| LOT] 6,000 | 3%0| 8.6%| kLB —weuuemew -.3m2 085 218 1.00
3 | 200 |Rated| 0 «060| .00T{ 6,000 |====| =6.93| <k6.38] .h2T 275 -.310 ~ 272 1.0
8b k| 200 om|o 032 «00k| 6,000 [-290 | -9.98| -TT.28 675 385 25T -39 60
"If{r]300| m]o 24| Jook| 6,000 (=241 ~k.19| ~37.10 .Eu 22k =160
2{%0]| om o 02k 00k} 6,000 |29 -3.22| -22.6)] 408 «190 -
1 |93j30] om}o oek| 004 6,000 | 23| 3. 26.80{ =497 -.157 .0
k3ot on o £2k| o0k 5,000 [ 195 3. 8.5 -.2718 -XTh +0l
15 | 5{325{ on |0 024! 00k | 6,000 |“RET| ~2.90 [==me=nn | =76 2B jemmemmeae
1l 99/ ot |0 |===-ejw=e=e] 6,000 -az22 oes
2100 Off. |0 |=-==n|-====| 6,000 200 -.010
k |¢3[100} off |0 [|=eses|em=—| 6,000 6L 0
k|00 | off |0 [=meme|-e~==] 6l000 -a78 020
5]100 | off |0 [=seesfe—v=={ 6,000 £72 -.010
1lwo | orr |0 6,000 266 0
2|10 ]orr |0 6,000 - 030
ba 43300 | 0er [0 6,000 -8y 026
k (200} 02 [0 6,000 -
5(100 ] orr |0 6,000 ’ -.200 O
| 5|10 | aff |0 [=wumm|=~==]| 3,%0 0333 |=ememem= -=1
1|12 §orr | O feeeec|amaam 6,000 £50 =.010
5 21100 | Off | O [=m===]eacwn 2,000 -.g 020
101 | off | 0 |=emmmfoem—m 000 . e—e—enee ~=
2% | ot {6 |-t N ) -.266 006
5| 59 off {0 [a==e=]e====} 6,000 =278 03
11200} Gff | 0 |ewewsm|e==e=} 6,000 278 freememam-d
52 {60 orr [0 [-=meclaamn] 6,000 =218 -031
Tl100| off |0 |===e=]m~e==] 6,000 266 =020
L2000 | orr {0 6,000 «15% - 066
2|200]| 0o 6,000 -.;..25 L26
7 E igg orf | o 6,000 JA67 -0
orr | 0 6,000 =133 020
51192 | ore [ o 5,000 - S P —
6l202 1 oer [ O 5,000 «3hk ~.233
1lgo0 | oer | o €,000 297 -
2200 | ore | O 6,000 =897 O3k
Ta 31200} off | o 6,000 {-197 | -8.86] ~63.79 &78 352 - 268
h|eoo | orr |0 6,000 | 202 | 9.01| 33.97 -.ﬁg -.297 5%
%t200 | off | © 6,000 |=18% -63.22 . <319 -
™ | Lj200oee | o - 6,000 |=== 11159 | ~T0 L0} ~emmremen ocnmmnn -.257
5{30| oo 6,000 {=20% | ~3.38 | ~1h.0k .336 .2ko ~.057
3y (461300 | 0 |0 2,000 =218 | -3.22 1 .:g 403 .157 -.o
orr | o 000 3. 3. - -
é % o | o 6,000 | 223| 3 12.%0 14 -3 ok
aj 5[300 | 0ff | 0 [=====|==r=- 6,000 [====| b 51| ~39.62 <26 168 =086
1200 | Om j-5.25| .033} 04| 6,000 | 228 g.oe 22.26| -. - J1k
S HEIR N ER b ek R
95 0331 ~=-c | -9.66] ~T0. . . -
2 200 | on | 3.8 .033| .o0k| 6,000 |---- -3.37 -gjg 22 336 -1k
STnitial steedy flight valus (inorement from wings level taim).

NATTORAL ADVISORY



TABLE IV
FISHTAII, MANEOVERS

[avtituae, 6000 2]

Sp0sd Initial | Mean | Mex. load | Max. | ok
Flight| Run Power | 4B A3 |firet oyole | loed Remarks
(mph) load | load
(tog) | (asg) | (1) | (w) | jom |iend
16 1| 15| on 8.0 9.0 -600 ~670 | -160 | -660 |Attempt to maximize loads
2| 150 | off | 13.5 | 14.0 450 510 | 125 | 630 (high sideslip amplituds)
1 [ 151 | Bated | -11.5 | 11.0 960 1070 | 420 | -780
2 | 154 | Rated | 12.0 | 11.5 ~780 -1070 | =300 | =790 |Attempt to maximize loads
18 (13 | 150 | orr |-1h.0 |16.0 720 o0 | 350 | 660 | (rudder kick against swing)
L | 13| off | 1.0 | 11.0 =610 ~930 { 270 | -TX0
058, 1| 199 | Rated | -8.5 7.5 860 ~1200 | =290 | =970 |Attempt to maximize loads
2 | 198 | ofe | -8.2 7.5 1000 1130 | 290 | 860 (high sidealip amplituds)
1| 200 | Rated | -6.5 3.15 Zao % 290 %
2 | 250 | Rated | -3.1 2.00 70 =200
26 3 300 Tatod 0.3 1.65 50 &0 210 810 Netwral mlld fishtall
b 345 | Rated | -2.2 1.50 640 -8k | -200 | =760

NATTORAL ADVISCRY
COMMITIEE FOR AERONAUTICS

#6ET "ON NI VOVN

8e




NACA TN No. 1394 | Fig. 1

Yaw angle
FFECOK

(b) Side view.

Figure 1.- Photographs of test airplane.



Airplanc characleriskcs

Wing Verfical rail surface
Area 236sqft Jolal area 229sq1!
Span 3729/ {Heght obove fuselage 367/
MAC 6511 Fin area(less fawing area) 983l
Rooi chord ar Rudderarea(inciuding [94sq/f of
Sectionatroat  NACAZZ/9 balance ond S55qff drat) 374 591
Sechonattp — NACA 2209 Distance from  c¢q  fo rudder
Angle fo thrust Ine | ° hinge line 201311
Dihedral 6° . Fin offset : 7
Aspect rano J9 -
Engine Horlzonial 1a1/ surface
. lype Allison V-1710-F4R Total arca 48.3sqr!
/ Normd power at 198001t (00 hp Span 279 {1
\ Propceller gear ratio 21 Stabilizer arca(including 3.54 59/t
Propeller diameter 1111 of fuselage) Hsespft
A Elevalor arca(induaing38sq# of
Flight operation balance and (64 59 10! fob) 174450
Average weight in flight 8240 /b Distance frammingroot LE fo elevator
Average pasifion 295 pereent MAC hinge linc 200 f1

Stabijizer set abovelhrustine 2°

Horizontol faoi/ obove fuselage center
line” 19011

lox. elevoror deflection  3.5"up

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

’

Figure 2.- Three-view drawing and list of geometric characteristics of test airplane.
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Plon  form of argmadl
| vertica! 7ar/ sor/oce

L'

NATIONAL ADVISORY
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Figure 3.- Plan form of vertical tail used on test airplane and profiles of the airfoil sections
around which pressure orifices were distributed.
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NACA TN No. 1394 Fig. 4

NACA LMAL

NACA LMAL
40334

ISR = I <R —

(b) Side view of fairing.

Figure 4.- Photographs of vertical tail showing profile and

plan form of protuberance caused by fairing over pressure
lines,
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H X
g

of stabilize

Lﬁ?udder hinge line

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Fig. 5

P Ontice location, percent chord From leoding edge
n) | [ |2 |3\« 5 161718 19 /0] |/~2
7 13401/1.3\123.11526|659|76.2|1894
U 1492| 4.//02|32.6|458|529|589|73.2|904
V 1632 3.8|/33\378\448|528\576|687\82./ |93«
W A75.0) 3./| 60/ 0<L|/63\278|H./15/.7\56460469.7\8/./ 1957
X 1286\ 74137./1633860|
Y 13/21/0984/4\7/8894
Z R28| 75404776

Figure 5.- Location of orifices at which pressures were measured.
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Figure 6.- Variation with equivalent airspeed of rudder and elevator
control deflections and angle of sideslip required to maintain
wings level with power on and power off.



NACA TN No. 1394 Fig. 7

o Fower on

N o Fower off
= N
N
§ 8 < §\ 60
AN
% NG S )
NN ©
gs <
(/j
LR
S
NI /
S8 O g
SNBSS 0 — — 1 —t—C—
Q Q \_{ ".-
=
-/
J/
RO
S - - —
N $ L+ 4 A
288 ¢ T e
g& S&) -/ '/@
SS g '
<Og
- —=0
N /
\‘ _Q = .
N AN
I5sS r
SESY oreTT?P — W
SSs° e e —
é S S __/ I I ] I I
© /00 200 300 400
Lguvaent airspeed, Ve, mph
Figure 7.- Variation with equivalent airspeed of normal-force

coefficients on surfaces of vertical tail for wings in level flight
with power on and power off and variation of spanwise center
of pressure on fin.
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Fig. 8
-k A
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Figure 8,- Variation of increments of rudder and elevator control
deflections and pedal-force factor with incremental change in
sideslip measured from wings in level flight with power on and

power off,
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7 A
o /00 mph a 280mph
o /0mph  n 340mph
& ZPOmMph o 380mph

Fower on rower off
Increment in e
normal-trce” Lt B
coelficient on g -obag ' - O
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coefficient 9 N %%ﬁ
an verical T<L T ¥
i, AGy, £ T~ =T

10 0 /0 20 2O 40 0 /0 20
Increment of SIgeslip angle, 48, aeg
Figure 9.- Change of vertical tail, fin, and rudder normal-force

coefficients with change in sideslip angle measured from
wings-level condition with power on and power off.
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Figure 10.- Isometric views of pressure distribution over vertical
tail surface at various increments of sideslip for wings in level
flight at 220 miles per hour and with power on. Airplane lift
coefficient, 0.28; Tc = 0,03; Qc = 0,004,
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Figure 42.- Curves from reference 12 showing magnification of
amplitude for various ratios of damping to critical damping against
the ratio of frequency of impressed force to natural frequency of
system and phase lag between impressed sinuscidal force and

amplitude.
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Figure 43.- Time histories of measurements recorded during power-on
and power-off fishtails at 150 miles per hour.
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Figure 45.- Time histories of measurements recorded during power-on
and power-off fishtails at 150 miles per hour in which pilot kicked
rudder against the swing at point of maximum yawing velocity.
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Figure 47.- Time histories of measurements recorded during mild
fishtail maneuvers at 300 and 350 miles per hour with power on,
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Figure 51.- Spanwise load distributions over the rudder and fin at
various times during the power-on fishtails of figures 43, 44,

and 45.



Fig. 52

Loaq)/r7, /b

~/00 _
o /0 D

/

AN

— chory —
0738¢éc¢ B

— Spon —

YA/ 7

33 sec

L& SeC

@ /I 2o, ran /s
Vo =20 mpon.

Pl
-

b Soan —4

Za&@’/f/ﬁ /b
~0 0 /OOID
/
e
b= chord
N\ Ll sec
L8 Jsec
(777‘
2/ sec

NACA TN No. 13%4

5

43 56c

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

S gtz z

Vo = 250 mon.
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